We assess the effectiveness of China's Two Control Zones (TCZ) policy, an environmental policy that tightens the control of acid rain and the emission of sulfur dioxide (SO 2 ) in targeted areas. To identify the effect of the policy on industrial activities, we use the difference-in-differences (DID) method to study industry-level activities in China's prefectures based on a unique firm-level data set covering the period from 1999-2009. We find that stricter environmental regulation led to a lower level of polluting industrial activities in TCZ prefectures, which was associated with more closures of polluting firms in targeted prefectures and more new polluting firms in non-targeted locations. In addition, our findings suggest that the TCZ policy had more pronounced effects in the coastal areas and became more effective after China changed its assessment criteria for the performance of local officials in the late 2000s.
Introduction
During the last three decades, China has witnessed impressive economic growth, along with rapid industrialization and urbanization. However, due to its resource-intensive development strategy, China's high-growth has been accompanied by severe environmental problems. Deteriorating air quality has led to pollution-related diseases, such as lung cancer, chronic obstructive pulmonary disease (COPD), ischemic heart disease (IHD), and stroke [1, 2] . Many industrial accidents have disastrous impacts on the environment (e.g., the Songhua River incident in the Jilin Province, see [3] ). Serious concerns have thus been raised over the long-term sustainability and hidden costs of growth [4] .
China represents an important case of environmental degradation due to growing human activities. Urbanization is one of the most important anthropogenic causes of the loss of arable land, habitat destruction, and deforestation [5] [6] [7] . With a high density of population and industrial activities, cities have generated enormous amounts of wastes of various kinds [8] . As China and other developing countries have entered a stage of rapid urbanization and industrialization, there are growing risks of causing irreversible damage to the global environment by human activities [9, 10] . According to the forecast of the Organization of Economic Cooperation and Development (OECD), greenhouse gas emissions from BRIC nations (i.e., Brazil, Russia, India, and China) will grow by 46 percent from 2005 to 2030, and in total will roughly equal the emissions from the thirty OECD countries combined by 2030 [11] .
In the international context, environmental issues have been transformed from local into regional and global issues, similar to the growing regionalization and globalization of trade and investment [12] . In a globalized world, the consequences of pollution in a country may go beyond the national boundary.
While high-income countries can reduce pollution by moving industrial plants to low-income countries, pollution in the latter can be brought back to the former by atmospheric transportation. According to a recent estimate, for instance, PM 2.5 pollution in China in 2007 is associated with 64,800 premature deaths outside China, while 108,600 premature deaths in China are attributable to consumption in Western Europe and the USA [2] .
China has joined the international community in combating global climate change. The government pledged to reduce carbon dioxide emissions intensity to 40-45% of the 2005 levels by 2020 in the 2009 Copenhagen Summit, and further committed to reduce it to 60-65% of the 2005 levels by 2030 in the 2015 Paris Summit. Whether China can achieve these targets has direct bearing on future climate change. Against this backdrop, it is important to have a better understanding of China's progress and the challenges in achieving its environmental goals.
Starting from the late 1990s, the Chinese government formulated a series of environmental regulatory laws and policies. By 2014, the National People's Congress (NPC) had approved 10 environmental and 30 resource protection laws. Local people's congresses and governments have developed more than 700 local environmental rules and regulations [13] .
Surprisingly, there is little consensus on the effectiveness of the policies and the causal relationship between environmental regulations and their outcomes. Some studies argue that China's energy efficiency has improved drastically and that pollution has reduced as a result of the environmental regulation and technological improvements [4, 14] . Others hold the opposite view. Some have argued that China has been forced to play the "race to the bottom" game with other developing countries in the fear of capital outflow. The reasoning is in line with the "pollution heaven hypothesis" which postulates that polluting industries are welcome by low-income countries with low environmental standards, even though they cannot survive in developed countries where environment regulations are strict [15] . In this view, globalization undermines the Chinese governments' ability to protect the environment through the regulation of corporate behavior [16] . In addition, some studies have questioned the accuracy of official pollution statistics, as any policy that motivates local governments to reduce pollution may also motivate them to report better outcomes on paper [17] . This is especially true under China's regionally decentralized authoritarian (RDA) regime, where an independent judiciary, transparent information, and official accountability are all absent [18] . Local officials are appointed by upper-level officials who heavily emphasize tangible economic outcomes such as GDP growth and revenue collection [19] [20] [21] . Thus, pollution data collected by official organizations will more likely suffer from measurement and misreporting problems. Some have gone so far as to argue that many environmental policies exist only on paper [22] .
To contribute to this debate, we assess the effectiveness of China's Two Control Zones (TCZ) policy that tightens the control of acid rain and the emission of sulfur dioxide (SO 2 ) in targeted areas. The TCZ policy provides a quasi-natural experiment to compare changes in industrial activities between polluting and non-polluting industries and between prefectures within and outside the TCZ. We aggregate firm-level information collected by China's National Statistics Bureau to two-digit industrial data at the prefecture level for the period from 1999-2009. The difference-in-differences (DID) method is used to study the effectiveness of the TCZ policy in reallocating activities away from polluting sectors over space and time.
We find that stricter environmental regulation led to a lower level of polluting activities in TCZ prefectures. Moreover, rather than a contraction of production in existing firms, the relative reduction of polluting industrial activities in TCZ prefectures was associated with a bigger number of firm closures in the targeted TCZ prefectures and the setting up of a bigger number of polluting firms in the non-targeted locations. Furthermore, the impact of the TCZ policy was more pronounced in the coastal areas as compared with inland areas. Our findings also suggest that the TCZ policy became more effective after China changed its assessment criteria for the performance of local officials in the late 2000s.
Our paper extends the previous literature in three dimensions. First, unlike existing papers that focus on pollution outcomes or air quality measured at monitoring stations [23, 24] , we use measures that are less susceptible to misreporting, including industry-level activities in China's prefectures (industrial sales value, the number of firms in air-polluting industries, and the number of new firms in air-polluting industries). Moreover, the industrial database used in this paper covers almost all industrial firms in China, except for very tiny ones.
Second, a problem faced by existing studies is their use of aggregate data at the national, provincial, or city levels, which do not allow investigators to distinguish among changes caused by the opening of new plants, expansion or contraction of the production of existing plants, and the closures of plants [25] [26] [27] . As firm-level information is used in this paper, we can aggregate the information in a way that allows us to understand the importance of various channels.
Third, the environmental problems of industrialization and urbanization in developing countries have received very little attention [28] . Our study offers an attempt to analyze the effect of environmental regulations on industrial activities in developing countries. Given the pressing task of improving environmental protection, policymakers urgently need a better understanding of the complex linkages between environmental regulation and industrial activities.
Our paper is relevant to the broader issues of environmental degradation. Developing countries often put overwhelming efforts on achieving economic growth without sufficient attention to its impacts on the environment. If sustainable development is to be achieved, a proper approach should be the one that takes into account the environmental costs of economic growth [29] . Ultimately, development should aim at improving people's well-being, which should include not only the amount of economic goods that one consumes, but also environmental quality. Recent empirical studies suggest that concerns over ozone pollution negatively affect the well-being of an individual [30] . China's TCZ policy represents an attempt to tilt the balance from economic growth to environmental quality, although our results indicate that more efforts are needed.
Our assessment of China's TCZ policy suggests that China needs not only environmental laws and regulation, but also institutional innovations. Environmental degradation is the result of market failure. A decentralized market system is expected to result in under-investment in pollution abatement and thus a suboptimal growth path [31] . Better outcomes may be achieved by regulatory policies (e.g., taxes for polluting industries and subsidies for clean energy), the development of property rights (e.g., the right to fish), and the design of institutions (e.g. climate exchanges) which can be conceptualized as involving sustainable entrepreneurship [32] . In the specific context of China, the RDA system has not been successful in incentivizing local officials to follow a sustainable development path, not to mention nurturing sustainable entrepreneurship.
The rest of the paper is organized as follows. Section 2 introduces China's TCZ policy, against the background of rising air pollution. Section 3 describes our data set while Section 4 explains the DID method and reports the empirical results. Robustness checks of the regression results are conducted in Section 5, and Section 6 concludes the paper.
Air Pollution and Regulations in China
Following China's rapid industrialization and urbanization, energy consumption increased nearly 130 percent between 2000 and 2012 (see Figure 1) . Although China's energy efficiency and resource utilization have improved drastically due to the application of cleaner and more energy-efficient technologies, coal consumption continues to account for 70% of China's energy production. Consequently, China has become the largest source of SO 2 emissions in the world [4] . Figure 2 shows that the emission of industrial waste gases increased along with GDP growth. Nevertheless, industrial SO 2 emission intensity and industrial soot emission intensity decreased substantially, as a result of expansion of the GDP. As can be seen in Figures 3 and 4 , the industrial SO 2 emission intensity and the industrial soot emission intensity dropped in many prefectures. It is notable that the improvement was regionally unbalanced: While the emission intensities in the east and south coastal regions reduced drastically, those in Shanxi, Henan, Hunan, Guizhou, Guangxi, Gansu, and Liaoning stayed at high levels.
Diseases caused by outdoor air pollution grew by 33% during 1990-2010, and 20% of lung cancers in 2010 could be attributed to PM 2.5 pollution [33] . The costs of health losses due to ambient air pollution using willingness-to-pay measures was estimated to be 3.8 percent of the Gross Domestic Product (GDP) [4] . As shown in Figure 5 , petitions and complaints on environmental issues increased by an average of 29% annually during 1996-2010 [13] . Domestic Product (GDP) [4] . As shown in Figure 5 , petitions and complaints on environmental issues increased by an average of 29% annually during 1996-2010 [13] . Domestic Product (GDP) [4] . As shown in Figure 5 , petitions and complaints on environmental issues increased by an average of 29% annually during 1996-2010 [13] . The Chinese government has been formulating a series of environmental regulatory laws and policies. Among those related to the regulation of air pollution, the most notable one was the Two Control Zones (TCZ) policy implemented in 1998 [37] . The two control zones refer to the sulfur dioxide control zone and acid rain control zone (see Figure 6 ). Prefectures are included into the zones if the recorded emissions exceeded the national standards in the preceding years. The acid rain control area and the sulfur dioxide pollution control area are mainly located in the southern and northern areas of the Yangtze River, respectively, totaling 175 prefectures across 27 provinces. The acid rain control area is about 800,000 km 2 , whereas the sulfur dioxide pollution control area is about 290,000 square kilometers, accounting for 8.4% and 3% of China's total land area, respectively. Notably, the TCZ covers China's fast-growing, densely populated, and industrialized areas, including the four centrally-administered municipalities, 21 provincial capital cities, 11 out of 16 coastal open cities, and four special economic zones.
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The Chinese government has been formulating a series of environmental regulatory laws and policies. Among those related to the regulation of air pollution, the most notable one was the Two Control Zones (TCZ) policy implemented in 1998 [37] . The two control zones refer to the sulfur dioxide control zone and acid rain control zone (see Figure 6 ). Prefectures are included into the zones if the recorded emissions exceeded the national standards in the preceding years. The acid rain control area and the sulfur dioxide pollution control area are mainly located in the southern and northern areas of the Yangtze River, respectively, totaling 175 prefectures across 27 provinces. The acid rain control area is about 800,000 km 2 , whereas the sulfur dioxide pollution control area is about 290,000 square kilometers, accounting for 8.4% and 3% of China's total land area, respectively. Notably, the TCZ covers China's fast-growing, densely populated, and industrialized areas, including the four centrally-administered municipalities, 21 provincial capital cities, 11 out of 16 coastal open cities, and four special economic zones. • prohibition of extraction in coal seams with a sulfur content over 3%; • gradually reducing the extraction in existing coal mines with a sulfur content over 3%; • mandatory installation of coal washing facilities at the appropriate scale to newly built or reconstructed mines with a sulfur content over 1.5%; • prohibition of new coal-fired power plants in large and medium-sized cities; • mandatory installation of desulphurization facilities in newly built or reconstructed coal-fired power plants with a sulfur content higher than 1%; • reducing the emissions of polluting enterprises in the chemical, metallurgy, building materials, and non-ferrous metals industries by various methods, etc.
Data Source and Descriptive Statistics

Data Source
To conduct the empirical analysis, we used firm-level data from the Annual Surveys of Industrial Production (ASIP) collected by the National Bureau of Statistics of China. We aggregated the firm-level data into observations for two-digit industries in each prefecture for each year, covering the period from 1999-2009. By doing so, we obtained information of production activities, nature of the industry (air-polluting or not), whether the prefecture is located in a TCZ, and other prefecture characteristics, with more than 90,000 observations in total.
We used the sales value of industrial products, number of firms, and number of new firms in an industry in a prefecture as a proxy for its production activities. Sales value was used as a proxy for a firm's production activities because there is not a complete set of data for other production indicators such as industrial value-added and gross industrial output value in the ASIP sample. To check whether these are reasonable proxies, we computed the Pearson Correlation Coefficients between the prefecture-level sales value constructed from the ASIP sample and the major prefecture production indicators published in the China Regional Yearbook. As reported in Panel A of Table 1 , the Pearson Correlation Coefficients between them were higher than 90%, indicating that they are highly correlated. Likewise, we collected data for the sales value of industry, gross industrial output value, and the number of firms at the 2-digit industrial level from the China Industrial Economy Statistical Yearbook. Then we calculated the Pearson Correlation Coefficients between them and industrial-level indicators were constructed from the ASIP sample. As shown in Panels B and C, the coefficients are very high, suggesting that our proxies for industrial activities are all reasonable. Note: * significant at 1 percent (Bonferroni-adjusted).
We identified ten major air-polluting industries according to the "Report on the First National Census of Polluting Sources" [39] . We have excluded mining industries, because the location of mining firms largely depends on the distribution of natural resources, rather than firm choices. Table 2 is the industries identified as air-polluting in our empirical analysis.
Locations included in the TCZs are listed in the document "Official Reply to the State Council Concerning Acid Rain Control Area and Sulfur Dioxide Pollution Control Area", published by the State Council in 1998. Table 3 provides the summary statistics for the variables used in our analysis. There are on average 30.18 firms and 3.04 new firms in an industry in each prefecture. A prefecture in our sample, on average, has a population of 4.52 million, an annual GDP of 72.39 billion yuan, and a land area of about 15,462.88 km 2 . The average agricultural share of the GDP is about 17.07%. Notably, the prefectures in our sample exhibit great variations in almost every dimension. An explanation of the strategy of identifying the number of new firms in the data set is in order, as it will be one of the three dependent variables for the regression analysis. An oft-used strategy is that if firm i is found in the dataset in year t but not in year t − 1, the firm is regarded as a new firm in year t [40] . This may lead to the misidentification of new firms because there are many reasons for a firm not being found in the dataset in a year. It may be due to having a sales value smaller than 5 million RMB (a criteria for inclusion in the dataset), bankruptcy, change of firm name, or just missing data. To overcome this problem, we have chosen to use a firm's setup year to identify whether it is a new firm or not. A firm is considered to be new in time t only if the setup year is t.
Data Description
Methodology and Empirical Results
Basic Specification
We identify the effect of stricter environmental regulation from the differential effect of the TCZ policy across sectors. We estimated the following equation by using our aggregate data for 287 prefectures over 1999-2009.
where i, j, t, p are the index industry, prefecture, year, and province, respectively. Y ijt is the dependent variable, which is a measure of activity (the sales value, the number of firms, and the number of new firms) of an industry i in j prefectures in year t. TCZ j is a dummy for the prefecture having been targeted by the policy: it equals 1 if prefecture j has been targeted by the policy and 0 otherwise. POL i is an industry dummy: it equals 1 if industry i is an air polluting industry, and 0 otherwise. The focus of our DID analysis is on the double interaction term TCZ j × POL i , which measures the combined TCZ-specific and industry-specific effects on Y ijt . Thus, β 3 is the parameter of primary interest to us, which is referred to as the "regulation effect". It captures the average effect of being in the TCZ prefectures on air-polluting activities, net of other confounding factors. X jt is a set of control variables that represent the prefecture j's socioeconomic and demographical characteristics in year t, including GDP, population, land area, and agricultural share of GDP, which are available in the China Regional Yearbook. To further mitigate selection bias based on unobservables, we include η it and δ pt , the full set of the two-digit industry and provincial group effects, both allowed to vary with time, where δ pt is the effect of being in province P and year t, with P being an index of the province group. Lastly, ε ijt is the error term. We allow for correlation across the two-digit industries within a prefecture and cross section by clustering the standard errors.
The Effects of the TCZ Policy on Industrial Activities
The DID results are reported in Table 4 . Column (1) shows that, as compared with the non-TCZ prefectures, TCZ prefectures have a higher share of industrial activities. This is reasonable because the TCZ prefectures are mostly economically advanced areas. The coefficient of the pollution dummy is negative and significant, indicating a smaller share of polluting industries than non-polluting industries in the economy, which likely reflects China's ongoing transition to a green economy. Interestingly, the coefficient for the interaction term between TCZ and pollution is also negative and significant. This finding provides a preliminary suggestion that stricter environmental regulation indeed induced a reduction of polluting industrial activities in TCZ prefectures. Notes: An observation is an industry-prefecture-year combination. The regressions include a constant term, two-digit industry dummies, and interaction terms between province dummies and year dummies. They are not reported for the conservation of space. Standard errors clustered at the industry-year level are reported in parentheses. *** significant at 1 percent; ** significant at 5 percent; * significant at 10 percent.
However, relatively lower industrial activities in TCZ prefectures may result from different factors. It may either come from a relative fall in the importance of sales value of industrial products, or due to a change in the number of firms in different locations [27] . Thus, in Columns (2) and (3) in Table 4 , we respectively re-run the regression with the number of firms and the number of new firms as the dependent variable. In both cases, the coefficient for the interaction term TCZ j × POL i is negative and significant. The estimations indicate that when compared with non-TCZ prefectures, the number of air-polluting firms and the number of new air-polluting firms in TCZ prefectures respectively were 10.6% and 14.2% less than their counterparts in non-air-polluting industries. This suggests that the relatively less polluting industrial activities in TCZs were accompanied by less polluting firms in TCZs, along with less new firms in polluting industries. Seen from the perspective of the non-TCZ prefectures, they had a higher level of polluting industrial activities as compared to TCZ prefectures mainly because they had a larger number of polluting firms and more importantly, a larger number of new firms in polluting industries. While it is difficult to discern whether the new firms in polluting industries were those relocated from TCZ prefectures (aka the "pollution heaven hypothesis"), the evidence suggests that the non-TCZ prefectures did provide more room for the polluting industries to grow.
Are There Differences in the Regulation Effects Across Regions in China?
This subsection explores whether the regulation effects vary by region. This is informative for at least two reasons. First, it serves as an internal validity check on the results above. Second, it provides an opportunity to measure the effects of these regulations across regions [41] . We classify China's 30 provincial units into seven regions based on geographic location, as shown in Table 5 . The region-specific regression results are reported in Tables 6-8 . As can be seen in Table 6 , in more economically developed coastal areas, such as the east coastal and south coastal regions, the coefficient of the interaction term TCZ j × POL i is negative and statistically significant. However, in the less developed central and northwestern regions, the coefficient of the interaction term is statistically insignificant. Thus, there were regional differences in the implementation of the TCZ policy: it was implemented effectively in the coastal areas, but had a far from satisfactory implementation in the central and northwestern regions. Notes: An observation is an industry-prefecture-year combination. The constant term is included but not reported. A full set of two-digit industry effects and province effects interacted with years effects are also included. Standard errors clustered at the industry-year level are reported in parentheses. *** significant at 1 percent; ** significant at 5 percent; * significant at 10 percent.
The phenomenon may result from the following two reasons. Firstly, as mentioned above, China's institution is characterized by the "regionally decentralized authoritarianism" (RDA), under which economic powers are devolved to the local government while the cadres are under the hierarchical management of the central government. Economic growth is still the most important performance indicator in the evaluation mechanism for local officials [18] . This merit-based promotion system is considered to have induced a competition between subnational governments [42] , leading to regional protection and "race to the bottom" problems. Local governments lower their environmental standards to compete for investment and economic growth, allowing businesses to minimize costs by polluting with impunity [43, 44] . Therefore, in the less developed regions, local governments have an incentive to weaken the enforcement of environmental regulations, to reduce the strength of local enterprises' compliance costs. Secondly, compared with non-TCZ prefectures, most of the TCZ prefectures in the central and northwest provinces are economic centers that are densely populated and highly industrialized. Most central and northwestern provinces rely heavily on the agglomeration of economic activities in TCZ prefectures for their economic development. Thus, even though they are classified as TCZs, the local government officials have less incentive to get rid of the high polluting and energy-intensive development model.
The regression results for the number of firms and the number of new firms in Tables 7 and 8 show very similar patterns. The coefficients of interaction terms in the east coastal and south coastal regions are significantly negative, while the coefficients of interaction terms in the central, southwestern, and northwestern are positive but insignificant. Notes: An observation is an industry-prefecture-year combination. The constant term is included but not reported. A full set of two-digit industry effects and province effects interacted with years effects, are also included. Standard errors clustered at industry-year level are reported in parentheses. *** significant at 1 percent; ** significant at 5 percent; * significant at 10 percent. Notes: An observation is an industry-prefecture-year combination. The constant term is included but not reported. A full set of two-digit industry effects and province effects interacted with years effects, are also included. Standard errors clustered at industry-year level are reported in parentheses. *** significant at 1 percent; ** significant at 5 percent; * significant at 10 percent.
Did the Impact of Environmental Regulation Vary Over Time?
This subsection explores the changing impact of the TCZ policy over time. Originating from the central planning era, the Five-Year Plans are still the most important policy instruments and the highlights of major policy changes in China [45] . In 2005, the State Council issued an important document: "Decision of the State Council on Implementing Scientific Outlook on Development and Strengthening Environmental Protection", and stipulated that environmental protection should be a major component in the performance review for local officials. Thus, improvements in environmental protection would be considered as an important criterion for their promotion and appointment as well as their rewards and punishments. This is an important signal of transforming the GDP-based assessment system to one that takes into account both GDP and environmental protection. Since 2006, cadre evaluation schemes for local leaders have become more welfare-oriented and environmental protection has been newly upgraded to a "must-meet" target [46] . In 2007, the MEP and the National Statistics Bureau began to compile the "Green GDP", a measure of sustainable development that includes items such as local pollution costs and other environmental indicators [47] .
We expect that the central government's act of incorporating environmental assessment into the local official's performance evaluation system will pressure local officials to pay more attention to environmental protection in the course of economic development. This change may result in a different allocation of industrial activities. Thus, the 11th Five-Year Plan can be thought of as having a different regime from that of the 10th Five-Year Plan. We proceed to split the sample into two sub-periods, 2001-2005 and 2006-2009, which falls into the "10th Five-Year Plan" period, and the "11th Five-Year Plan" period, respectively.
As can be seen in Table 9 , we obtain a significantly negative estimate of the two interaction terms. Specifically, we find that the coefficient of the interaction term Pollution *TCZ in column (1) and column (4) are of similar magnitude, and are both significantly negative, which is consistent with the results for the whole period reported above. Interestingly, the interaction term's coefficient for the number of firms in the "11th Five-Year Plan" period is far bigger than the corresponding coefficient in the "10th Five-Year Plan" period. Results for the number of new firms in column (3) and column (6) are similar. This finding suggests that the regulation in the "11th Five-Year Plan" period was more effective than in the "10th Five-Year Plan" period. This may reflect the fact that the new promotion assessment system had pressured local governments to balance economic development and environmental protection, demonstrating the effectiveness of the central government's policy in reducing air pollution. Notes: An observation is an industry-prefecture-year combination. The constant term is included but not reported. A full set of two-digit industry effects and province effects interacted with years effects, are also included. Standard errors clustered at the industry-year level are reported in parentheses. *** significant at 1 percent; ** significant at 5 percent; * significant at 10 percent.
Robustness Checks
PSM-DID
One of the most important underlying assumptions of the DID model is sample homogeneity, meaning that the treatment group and control group should have the same characteristics. In such a case, the only difference between them is that the former gets an experimental treatment. However, TCZ prefectures and non-TCZ prefectures are very different in terms of the level of economic development, population, and other social characteristics. Thus, bias may arise because the apparent difference in outcomes between the TCZ prefectures and non-TCZ prefectures may depend on characteristics that affected whether or not a prefecture is designated as part of the TCZ rather than being due to the treatment. To relieve this concern, we used the difference-in-differences propensity score matching (PSM-DID) estimator to check the robustness of our results. The PSM method attempts to mimic randomization by creating a sample of units that were subject to the TCZ regulation and are comparable on all observed covariates to a sample of units that were not subject to the TCZ regulation.
We select the discharged volume of industrial SO 2 emission, discharged volume of industrial soot emission, log of GDP in the previous year, GDP, population density, area, the rate of agriculture in GDP in the prefectures, the reduction in the volume of industrial SO 2 emission, and the reduction in the volume of industrial soot emission as covariates that are related to the TCZ prefectures assignment and industrial outcomes. The logistic regression with the nearest-neighbor matching within the caliper used for estimation of the propensity score is applied and a balanced matched sample is constructed. The DID estimation results based on the balanced matched sample are reported in Table 10 . Again, two of the three DID estimators (column 2 and column 3) yielded negative and statistically significant estimates for the concerned interaction term, although the DID estimate for the share of industrial activities in the economy (column 1) is negative but not significant. Thus, there is little evidence that undermines our basic conclusions. Notes: An observation is an industry-prefecture-year combination. The constant term is included but not reported. A full set of two-digit industry effects and province effects interacted with years effects, are also included. Standard errors clustered at the industry-year level are reported in parentheses. *** significant at 1 percent; ** significant at 5 percent; * significant at 10 percent.
Placebo Test
For an ideal experiment, the treatment group and the control group should be selected randomly so that uncontrolled factors that may affect the experiment can be excluded. This condition can hardly be met in empirical studies in social sciences, especially in economics. We use the Placebo test to relieve this concern. The test is an important methodological tool in medical research and is popular in policy analysis in economics. We conduct a Placebo test by randomly assigning TCZ status to prefectures and re-run the regressions (for similar practices, see, e.g., [48] ). Recall that there are 156 TCZ prefectures in our sample of 287 prefectures. We first randomly select 156 prefectures from the 287 prefectures and assign them as false TCZ prefectures, with the remaining being non-TCZ prefectures; then we construct a false treatment variable, i.e., TCZ f alse j × POL i . The random selection ensures that this newly constructed false interaction term should have no effect on industrial activities. In other words, any significant findings would indicate model misspecification. We conduct this random selection 100 times and regress 100 times with this false DID model to avoid contamination by any rare events. Table 11 reports the mean values of the estimated coefficient and the associated p-value and standard error of the false interaction term for the 100 runs of the regression. We find that the mean values of the coefficients are almost zero (i.e., −0.0369, −0.0258, and −0.0060, respectively), and the mean p-values are far larger than 0.1 (i.e., 0.3775, 0.4050, and 0.4132, respectively). We further plot the distribution of the 100 estimated coefficients and their associated p-values in Figures 7-9 , respectively. The distribution centers of the estimated coefficients are around zero. Overall, these results suggest that our estimates are not severely biased due to any uncontrolled factors. Table 11 reports the mean values of the estimated coefficient and the associated p-value and standard error of the false interaction term for the 100 runs of the regression. We find that the mean values of the coefficients are almost zero (i.e., −0.0369, −0.0258, and −0.0060, respectively), and the mean p-values are far larger than 0.1 (i.e., 0.3775, 0.4050, and 0.4132, respectively). We further plot the distribution of the 100 estimated coefficients and their associated p-values in Figures 7-9 , respectively. The distribution centers of the estimated coefficients are around zero. Overall, these results suggest that our estimates are not severely biased due to any uncontrolled factors. Table 11 reports the mean values of the estimated coefficient and the associated p-value and standard error of the false interaction term for the 100 runs of the regression. We find that the mean values of the coefficients are almost zero (i.e., −0.0369, −0.0258, and −0.0060, respectively), and the mean p-values are far larger than 0.1 (i.e., 0.3775, 0.4050, and 0.4132, respectively). We further plot the distribution of the 100 estimated coefficients and their associated p-values in Figures 7-9 , respectively. The distribution centers of the estimated coefficients are around zero. Overall, these results suggest that our estimates are not severely biased due to any uncontrolled factors. 
Other Explanation
The last concern is about the possible bias due to the impact of the policy treatment on the control group. The DID method assumes the existence of a control group which is unaffected by the policy treatment. However, if firms move from TCZ prefectures to non-TCZ prefectures because of the relatively lower environmental standards in non-TCZ prefectures, our estimates would be biased. To illustrate this, the DID method can be implemented according to Table 12, 
Thus, β3 is the DID estimator measured as the "regulation effect". Now if polluting firms moved from TCZ prefectures to non-TCZ prefectures in response to the TCZ policy, the observed D2 would increase, leading to an underestimation of β3. In other words, the regulation effect in reality should be larger than what we have estimated. 
The last concern is about the possible bias due to the impact of the policy treatment on the control group. The DID method assumes the existence of a control group which is unaffected by the policy treatment. However, if firms move from TCZ prefectures to non-TCZ prefectures because of the relatively lower environmental standards in non-TCZ prefectures, our estimates would be biased. To illustrate this, the DID method can be implemented according to Table 12, Thus, β 3 is the DID estimator measured as the "regulation effect". Now if polluting firms moved from TCZ prefectures to non-TCZ prefectures in response to the TCZ policy, the observed D2 would increase, leading to an underestimation of β 3 . In other words, the regulation effect in reality should be larger than what we have estimated. 
Conclusions
China is a major contributor to the world's global warming emissions. Whether China can reduce its emissions at a reasonable pace has direct bearing on the world's battle against environmental degradation. The effectiveness of China's environmental regulation, however, has to be understood in the context of its special institutional environment. Particularly important is the RDA regime that shapes the incentives of local officials in choosing strategies to achieve growth and environmental targets. Its long-existing heavy emphasis on growth in the assessment scheme in the past and the recent shift to higher weighting for environmental outcomes have motived local cadres to act correspondingly, taking into consideration the specific characteristics of the location under their jurisdiction. Environmental regulation such as the TCZ policy may lead to not only an overall reduction of polluting activities, but also a relocation of polluting activities across regions.
To analyze the impacts of the TCZ policy, we have applied the DID method to a unique firm-level data set covering the period from 1999-2009. We find that stricter environmental regulation led to a lower level of polluting industrial activities in TCZ prefectures, which was associated with more closures of polluting firms in targeted prefectures and more new polluting firms in non-targeted locations. In addition, our findings suggest that the TCZ policy had more pronounced effects in the coastal areas and became more effective after China changed its assessment criteria for the performance of local officials in the late 2000s.
The results are based on regressions that have controlled for a range of prefecture socioeconomic, demographic, and other characteristics, as well as a rich set of potentially time-variant two-digit industry effects and time-variant province effects to mitigate omitted variable bias. In addition, we used the PSM-DID and placebo tests to relieve concerns with the DID models, wherein the selection bias and random assignment are the fundamental challenges. We found little evidence that undermines our basic conclusions.
China ratified the Paris Agreement in 2016 and will be a key player in the world's deep de-carbonization actions to combat the adverse impacts of climate change. Local officials are primarily responsible for implementing environmental policies under the RDA regime in China. Thus, environmental improvement in the long run may rely on refinements of the incentive system in such a way that local officials and polluting firms would be induced to embrace environmental protection.
